Abstract. Mobile node connectivity has been one of the fundamental issues in a mobile ad hoc network for mobile nodes can spread in an arbitrary manner. In this paper, we model the connectivity using Markov jump theory, which generalizes Papavassiliou and Zhu's results (IEEE Communications Letters 9, 2005, 337). Properties of the connectivity model are discussed. In particular, the conditions, which will cause an ad hoc network connectivity exponentially decreasing and eventually no nodes in the network will be able to communicate with each other, are provided.
sensor networks, such events are coupled with the actual physical events such as node movement, network density, power coverage, etc.
The links of nodes in a mobile ad hoc network are always subject to frequent changes, which may result from abrupt phenomena such as node movement, energy decrease of nodes, network density changes, power coverage changes etc. Systems with those characters may be modeled as hybrid ones. Markov Jump Systems (MJS) [6, 7] are an important class of hybrid modeling tools. In a MJS, the dynamics is subject to random switches among a collection of systems sharing the same state vector. For a finite-state MJS, the finite Markov chain governs the transition from one logical state to another. Such systems are particularly useful to model systems that are subject to abrupt random changes in their dynamics, e.g. related to phenomena such as node movement, energy decrease of nodes, network density changes, power coverage changes etc. In this paper, we model the network connectivity using Markov jump theory and generalize the model established in [4] .
The remainder of the paper is arranged as follows. The basic connectivity model is formulated and connectivity properties are discussed in section 2 for ad hoc networks with no nodes movement. Section 3 discusses the connectivity modeling and analysis for network with constant speed movement of nodes. Finally, some concluding remarks are given in section 4.
Basic Model
In this section, we assume the nodes connectivity change in an ad hoc mobile network is caused by power coverage change or linkage optimization, and all nodes stay still.
Basic Connectivity Model
Suppose there are N mobile nodes in an ad hoc network. The connectivity model presented in [4] is as follows:
Addition of m 1 new links with probability p:
The first term of (2.1) represents the random selection of the starting point of a link, while the second term corresponds to the end point selection where denotes the probability that a node k associated with links at time t is selected.
Rewiring of m 2 links with probability q:
The first term of (2.2) corresponds to the decrease of the number of links of the node where the link was removed from, and the second term corresponds to the increasing connectivity of the node that the link is reconnected to and based on probability which is defined similarly to .
Removing m 3 existing links with probability r:
The first term of (2.3) corresponds to the decreasing connectivity because other nodes connected with this node select to remove their links with this node, while second term corresponds to the case that the node itself selects to remove one of its links.
is defined similarly to .
With probability
, no changes occur. It is assumed that every state must repeat several times before the switching by continuum theory in [4] . Considering the random switching properties of the linkage of mobile nodes in ad hoc networks, we get the general model in the form of Markov jump differential equation:
Where is the rate at which connections of node k change; is a Markov chain which takes values in a finite set with generator given by
where and is the transition rate from state i to state while
Equation (2.6) gives the general connectivity model of a mobile ad hoc network. In Subsection 2.2, we will discuss the properties of model (2.6). 
Connectivity Analysis of Ad Hoc Networks
, define a matrix
. If is a nonsingular M-matrix, then the solution of (2.6) is h-th moment exponential decreasing, where generator is defined in (2.5). 
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is a nonsingular M-matrix, and for every , there is a constant 
then the solution to (2.6), i.e. the linkage vector of N nodes , is h-th moment exponential decreasing.
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Proof: It results from lemma 2.3. , which means that initiated with will approach to zero vector with the increase of time, in other words, the number of links of the k-th node with the other nodes will be decreased to zero. If the conditions are satisfied in theorem 2.1, the network connectivity will decrease exponentially with time and eventually no nodes in the ad hoc networks will be able to communicate with each other. In other words, the nodes in the networks have some possibility to communicate with the others when either or does not satisfy the conditions stated in the theorem.
Connectivity Analysis with Nodes Moving at Constant Speed
Assume that all nodes move at the same constant speed v but along random directions. The link generation rate for constant velocity situation is Consider the link generation rate is equal to the break rate for movement situation when the node moves with constant velocity, and the link change rate for no movement situation in (2. 
Conclusion
We built the connectivity model for ad hoc mobile networks using Markov jump theory, which generalizes the model developed in [4] . We provided the conditions that, if satisfied, will cause the network connectivity exponentially decreasing and eventually no nodes in the ad hoc networks will be able to communicate with each other.
It is a challenge to model the nodes linkage in an ad hoc network, especially mobile ad hoc network. We managed to establish the model for the network with nodes moving at a constant speed.
